An analysis of the airspeeds and normal accelerations of Martin M-130 airplanes in commercial transport operation by Walker, Walter G
4
2z
co
i--
.G
,I
.
------
NATIONALDVISORYCOMMITTEE.?
FORAERONAUTICS.
TECHNICALNOTE
No. 1693
#
AN ANALYSISOFTHEAIRSPEEmANDNORMALACCELERATIONS
OFMARTINM-130AIRPLANESIN COMMERCIAL
TRANSPORTOPERATION
BYWalterG.Walker \
LangleyAeronauticalLalmratory
LangleyField,Va.
‘Washington
September1948
_.. . . . . . .. . . . . . . . . .
-
----- . . .
I
,.J
https://ntrs.nasa.gov/search.jsp?R=19930082333 2020-06-17T21:05:53+00:00Z
.l
I
L
I
.
IWTIONAIImvTsoRYCOMMITTEE
TECHLIBRARYKAFE,NM
llllMllMulul
FORAERONAUTICS ‘ 0144’778
TECHNICALI?OTENo.1693
AN ANALYsIsa?THEJuRsPmm ANDNORMALACCIEE!MTIONS
aFMAKLTNM-130AIRHNUSINCOMMERCW
!CRANsemOmwJmm
ByWalterG.Walker
,
Accelerationandairspeeddatatakenonthree
operatedontrans-Pacificroutesduring the Prewar
khtinM-130Ei&@klOfil
end wartime ueriode
havebsenanalyzedandtheresultsupportp-mviouswcatio~- &t air-
planespeedinregionsefturbulentairisa significantfactorinthe
lifeofairplanes.
_ * Pre= pefiodgreaterouteroughnessi
indicatedintrans-Pacificoperationsthaninoperationsovertransconti-
nentalroutesoftheUhitedStatesoroverCaribbsanroutes.
.
.
INTROJXUCI(M
AccelerationendairspeeddataobtainedfromV-Grecordscollected
_ c-rc~ kwort operations(references1 and2)arebeing
-zeal ~ SOmedettiltodeteminethef~ghtl-cedeandoperatingspeeds
asfunctionsofairplane,route, season,andprewarandwartimeoperations.
References3 and4 usedtheavailabledataforfourmutesti’twoair-
Phne tnOS h wmmarizetheresultsofoperationsintheCaribbeanrea
end.toc~are resultsofdomesticoperationswithintheUnitedStates.
Resultshaveindicatedthatair@anespeedinroughairisa significant
parameterinairplanekife,thatthechangefromprewartowartimeopera-
tionhadanappreciableeffectonthestructurallifeofaircraftandth~,
fortranscont5nentaJ.routes,otherfactorsocompensateforroute
roughnessthatroutemeybeneglectedas”a significantparameterofairplane
life.
V-GrecordstakenduringoperationsofthreeMartinM-130fl@g
boatsintrans-~acificserviceduringtheperiodfrom1936to1941jhave
been
able
with
_zed tofivestigatethefactorspreviouslymentioned.tiea~-
M-130dataaresummarizedndtheflightloadresultsarecompared
theresultsofanalysesmadeinthepast.
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gust-alleviationfactor “
effectivegustvelocity,feetpersecond
designl.ewl-flightspeeqmilesperhour
meximum~cated airspeedcnV-Grecord,milesperhour
inUcatedatispeedatwhichmaximumpositiveornpgati.ve
accelerationincrementoccursonV-Grecord,milesper
hour
probableairspeedatwhichmaximumaccelerationwillLukxt
-likelyoccur,milesperhour
meximum”positiveorn gativeaccelerationncremmton
V-Grqcord,gunits
averagevaluesofdistributionsaf V-, Vo, *
and All, respectively
standarddeviationsofdistributicmsof V., V., *
- %K3w respectively
coefficientsofskewnessof&Lstributionef V=, V.,
~ ~, respectively
probability that m,ximm accelerationona recordwill
occurina givenspeedrenge
scam
One-hundredninet@jwoV-Grecordsrepresenting22,374hoursof
flightwereavailableforanalysis.Therecords,summarizedtitable1,
wereobtainedduringtheperiodfrom1936whentheairplaneswentinto
servicetothetimewhenuseoftheairplanesonthetrsns-Pacificroutes
WaSdiscontinued.TherecordsweresuppliedtotheI?ACAwiththetistal-
lationandremovaldates,routesflown,endflighthoursperrecord.
SupplementaryMormationre~ unusualexperienceswassuppliedina
fewcases.Noinformationwasprovidedonactualoperatingweights.
Thefldghtoperationsrepresenttwodifferentroutesd- two
periodsofoperation.king theprewarperiodfrmn1936to1941,~st
allflightswerefromAlameda,CaliforniatoHongKong,China,viaHawaii.
.
l
*
—— ..— .,—
.-
—- --
-,
,’.
NWA TNNo. 1693 3
l
I
1’
I
,
I
andthePhilippineIslandsj whereasoperationsforthewarperiodfrom
1942to1945wererestrictedtoflightsfromKLSJMda,Californiato~waii.
Sinceeachrecordrepresents,ingeneral,onero~a tripandsincethe
routeswaredifferentforthetwoperiods,the recordsforprewarandwar
operationsqe thereforenotcomparable.Thermmilteobtainedareconse-
quentlyincontrasttotheresultqpreviouslyanalyzed.h references3
and4.
TableI givesa lnmakdcwnoftherecordstakenonthethree
M-130S@@lJEl. Themethodofanalysisreqylmsa reasonablycanstant
nuniberofflighthoursperrecordina givengmw and,becauseofthis
requlremeat,recordsrepresenting120to140h~s forprewaroperations
and30to50hoursforwartimeoperationswereuti~zedtithe-sis l .
Thechoicesmadehereinconformtothere@rementssetforthin
reference5.
Theairplanecharacteristicsusedintheevaluati&andsubsequent
@ses oftiedatawereobtained
AeronauticsAdm3nistratianandare
Grossweight,pounds. . . . . . .
Wingarea,squarefeet.. . ..O
Wingspan,feet....... . .
Meanaerodynamicchord,feet. . .
Slopeofliftcurve,perradian.
Aspectratio. . . . . . . . . . .
Designlevel-flightspeedat
sealevel,‘L> milesperhour
Placardspeed,milesperhoti ...
Limitgustloadfactor,g units.
Gust-alleviationfactorK . . . .
fromthemanufacturerandfrom&e Civil
asfollows:
.m. .m. e . . . . ..- . . 5:,:g
. . . . . . . . . . . . . . ..a
.* ..*.. l . . . . . . ..* ’130
l .*. m.. l . . ...* . . . 17.46
. . ...** . . . . . . . l . . 4.45
l *.m. m. e. . . . . . l m. 7.8
l *a. e.* . ...*.. ..s. 168
09 . . . . . . . . . . . . l . . . 21.O
. . . . . . . l ..,... .*. 2.m
. ..m am. ..*, ..O . . . l.o~
ElthecomputatimofdesignguJtloadfactorsforairplanesoflafir
designthantheM-130,themethodofcomputationhaschengedwiththeintro-
ductionofthegust-alleviationfactorK inthegust-load-factorformula.
Thefactorslldstedarebasedonci”tilairworthinessrequirements
(references6 and7) sothatthsresultswillbe comparabletothoseof
refert3nces3 and4. Thelimitgustloadfactoris2.80g,whichcorresponds
tosneffectivegustvelocityU
1?
equalto3QKfeetpersecondata maxi-
lmmlevel-flightspeedV
la
ofJ 8milesperhour.Sincedetailedinfor-
mationwaslacking,tiep csrd(ordo-not-exceed)speed.wascmqutedfrom
informationgiwninreference7 as1.~L orf210milesperhour.Computed
valuesarebasedonthedesi~grossweightand.authecorrespondinggu9t-
alleviationfactorK of1.075. \
No attempthasbeenmadeinevaluatingtherecordstodistinguish
betweenacceIerationacausedbygustsandbymeneunrs.b all.cases,all
kge accelerationsareassumedtobeduetogusts,asexperienceindicates
thatmostofthelargeloadsimposedur~ no?.msltransportoperationare.
duetogusts.
—— .—. . —. —
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4ANALYSIS
Themethodofmakingthestatisticalnalysishasbeenpreviously
describedinreferezmes3,k,-end50 ThemethOa uti~zesfivevalues
readfromeachV-Grecord- themxclimmpositinandmaximumnegative
accelerationincrements~, themaximumspeedsflownVW=) endthe
speedsV. correspondhgtomaximumaccelerationoccurrences.Thefive
valuesoselected,togetherwiththeflighti-lesperrecord(obtained
bynmltiplyingthe verageth perreGordbyanassumedaveragecruising
>speedequalto0.8VL,representtheflightdatanecessaryforthestatis-ticalcomputations.The.distributionofpositiveandnegativeacceleration
isessentiallysztricsl abouthe1 g line,andthemaclnmmvaluesare
thereforesortedandtabulatedwithoutregardtosign.
RealdifferencesbstweenprobabilitiesareconsideredtoexistM they
dM?ferbymorethena ratioof5:1.The5:1ratioforsignificantcliffer-
ences(references3 and4)isusedhereinasa levelofengineeringconcerq
inconnectionwiththespreadoffl.i@tmilesrequiredtoexceedtheltmit
gustloadfactorandtoexceedfixedeffectivegustveloci~atprobable
speed.
ImmsIoxv
TheprecisionftheV-Grecorderamdthelimitationsofthemethod
ofenalysishaveteendiscussedinreference3. Theinherentinstrument
errorsme assumednottoexceed~0.2gforaccelerationn r3 percentof
themsximumairspeedrangeoftheins+rumxiti
Theuseofthedesigngrossweightinthecomputationsfeffective
gustvelocitiesresultsJnconservativevaluesince,soferasisknown,
theM-130tirplaneswerenotoperatedatoverloads.
l
, Imm21?s
Thefrequencydistributions(clefinedinreference5)oftheV-Gdata,
namely,themaximnmairspeedV-, meximumaccelerationtier-t +
andindicatedrspeedV.
)
atwhichthemaximumaccelerationincrements
areencounteredarelistedIntableII. Theaveragevalues~., %
end To, thestandarddeviatiau, whichisa measureofthedispersion
ofthedistributionfromthemean,andthecoefficientofskewnessa, which ‘
isa measureofdetiatiafrcunsynmmtryofthedistributions,arethesta-
tistical.parametersgivenW thetable.PearsonTypeIIIprobability l
curves,whichareass~edtobereaso~blerepresentationsofV-Gh~,
I
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(reference5) werederivedfromtheparametersoftheprewsJ?andwartime
distributionsfaccelerationsa dspeeds.Theprobabilitycurves,
convertedtoavwrageflightmilesm“quiredtoexceedgivenvaluesofspeed
andacceleratim,areshcmn,togetherwiththecundativedatafromthe
V-GZWCOI’dS,infi@res1 end2. Fromthesecurvesandonthebaaisof
theprobabilityP. thatthemaximumaccelerationappeqringona record
“willoccurinanygivenspeedrange,thefldghtenvelopesoffigures3
and4 werepreparedtoshowtheaverageflightmilesrequiredtoexceed
statedvaluesofaccelerationandspeedforprewarandwartimeoperations.
CompositesofallavailableV-Grecordsarealsoshowntifigures3 and4
forcomparisonwiththepredictednvblopesofcorrespondingflightmiles.
Figure5 showstheffightmilesregpiredtoexceedtheacceleration
incrementduetoencounterhganeffectivegustwlocityof37.5Kfeet
persecondatthemostprobablespeedVp of~st encountsrforthe
M-130airplanecomparedwiththeairpknesreportedinreferances3 +a k.
Thechangefromfli@thoursusedinreferences3 and4 toflightmilesin
thepres~tanslysisisbasedontheassumptionfanaveragecruising
speedequil.to80percentofthehighspeedh levelflight.Thechange
tofli@tmilesratherthanflighthourspermitsa morenas~ble com-
parisonofthedatafromthedifferentairplanesformilesofrough
weatherencountered.TheresultsfortheS-307airplaneinfigure5 are
basedona meximumlevel-flightspeedof230milesperhour,a slopeof
theliftcurvBof4.42perradian,anda cumputealimitloadfactorof
2.96ghsteadofthevaluesof~0 milesperhour,lift-curveslopeof4.66,
endlimitloadfactor3.&gusedinreference3 because,onthebasisof
subsequentinformation,thevaluesusedhezminaremorerepresentativeof
actualoperatingconditions.-
,
EKSCUSSION .
Theresultsshownin figures1 to4 indicatethattheagreement
betweenthedataandtheprobabilitycurvesissatisfactory.Moderate
valuesofairspeedandaccelerationwereexceededmorefrequentlyduring
thewartimeaerationsthana- prewaroperationsa showninfiqs 1 “
and2. Theprewardataextendtotheplacardspeedandtothelimitgust
loadfactor,butthedataforthewart- periodfallappreciablyshortof
thelimLtingconditionsbecausethesampleofdataavailablewasverysmall.
Whenthedataforthewartimeperiodareextrapolatedonthebasisofthe
Pearson!l&peIIIprobabild.~c~e, indicationsarethattheprobabilityof
encounteringthelimitingvaluesaregreaterfortheprewarperiodthan
forthewsrtimeperiod;however,inviewofthesmellquantityoftheavail-
abledataforthewartimeperiod,thevalidityoftheextrapolationsopen
toseriousquestion.
Considerationofthedatah figure5 indicatesthatthedifferences
h milesrequiredtoexceedthelimitgustloadfactorforthevarious “
aiz@knesaxelarge.~erences oftheofierof60-to-l- 300-to-1
. ———
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existbetweentheM-130aiqpleneandtheDC-3andS-307airplanes,resped-
tlvely.Suchdifferenceswhen~udgedbythecriterionfa 5:1significance
ratioereclearlyofengineeringconcern.A previousanalysis(reference4) {
hasin&icatedthattheseMfferencesmaybeassociatedwithdifferencesin
therdztosofprobablsqpeedofgustencounterinro
?
airtothedesign
leVel-fli@tSpeedVp~L. TheseratiosvaryfromO.3 toQ983forthe
airplanescompared.and,frbmfi- 5,appearcloselyrelatedtotheprob-
abilityofexceedingthe.limitgustload-factor.TheM-130airplanewas
operatedata speedratioof0.79,andthepzw%abilityhatthisairplane
willexceedthe3AmLtloadfactorisrelativelyhi@. Thisfactseepsto
substantiateth conclusionfreference4 thatoperatdngspeedintur-
bulentairissigoMicantinthedeterminationoftheoperationallifeof
theairplem.
Jn-ordertocomparethe‘routeroughnessoftheseveralroutes,the
flightmilesrqpiredtoexceedtheaccelerationncrementduetoan
effectivegustvelocityof37.5Kfeetpersecondatprobablespeedofgust
encounterVp isshawlinfigure5. Sincetheeffectofaperatingspeed
isremoved,thevariationbetweenroutesisconsiderablyreduced.Forthe
Prew=period,thefrequencywithwhichthe37.~ valueisexceededis
somewhatgreaterfortheM-130datathenforthedatatekenduringtrans-
*
continentaloperationsoverthreeairlinesintheUhitedStatesora~~
Caribbeanoperations.Thespreadisoftheorderofabout3:1to32.:1
betweentheM-130andtheotherairplaneti,helargestVariatimbeing
l
withtheDC-3”airplanesoperatedbyairlineA. Althou@thedifferences
betweenthedatafortheM-130andtheotherairplanesarenotclearly
significantinemry case,theydoindicatethattheSouthFacificroute
mayhavegreaterrouterou@ness.Thisimdicatianwouldappeareasonable
inviewoftheturbulentatureofweatherconditionsoverthewesternpart
oftherouteandthelackofweatherinformationforpartsoftheroute-
durhgthepionee~ flightsmadebytheM-130airplaneswhenthetrans-
pacificroutewasfirstestablished.
cam2mmmGREMARKS
l
Theanalysisofaccelerationendairspeeddatatakenduringtraus-
PaclficoperationsoftheM-130airplenetendstosubstantiateth
conclusicmsofa previousanalysisthatoperatingspeedb turbulentair
issigcifcsntinthe~~ation oftheope~tiq@.lifeofairplanes.
Fortheprewarperiod,SoUthPactiicoperationsindicategreaterroute
rou@nessthandooperationsover-&anscontinenta.lroutesoftheUnited
StatesortheCaribbean.
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SUMWRYOFv-G RJ?#30RMSuPPIJmmmmmmm
Reoola.su ed In tmJ-Ysis
Reoordsupplied
Wex
IWnit9rToteJ-Rmge of Amrsge
To= - of Average
Number Total. mnfb9rreoora flight flight
!u2@ule of flight of flight fli@lt hoursper ~:fm hoursper
reoo?ms hours reoords how -. reoora reoora
NC-14714 26 3j~40 a. 2,659120to140 16.6“ None ---------------------.
Rc-14715 57 5,967 16 2,073120to1.40 1s.5 12 4J+03ota50 36.7
NO-I.471.6109 12,&7 63 8,0751.2otilkoI-28.1 18 64430to50 35.8
Totel 192 22,374 100 12,Eb7 120to140 128.1 30 1,084 30to50 36.1
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TABmII
FIWWI!XCY~ONS ANDSTA!EE?PICALP~ (IFVmax~%18
AlVI)V. FORPREWARAllDWAROPERATION
Velocl~I meqlency
15to 139 1
?’01 to144 0
145to149 1
150to154
155to159 2
160to164 lg
165to169 28
170to174 SL
175to17g SL
180to184 9
l@ to18g 2
lgotoIg4 1
lg5to199 0
200to204 2
205to2og o
ZLotoa.4 o
z15to23.g o
220lm224 0
225t022g 1
.
.
Tota3 100
war
-----
-----
.
-----
2
:
i
7
1
0
2
,-----
,-----
,-----.,-----
,-----
,-----
,-----
30
I ‘o
Acceleration
increment
(gunits)
O.xYtoO.a
:% :1;
.50ti .59
.60t0 .69
.70to .p
.80to .@
egoto .gg
1.00to 1.09
1.10to 1.1$1
1.20to l.z!g
::% t ;:t;
1.50to 1.59
1.60to1.69
1.70to1.79
1.80to1.*
1.90tol.gg
2.00to2.09
2.10to2.1$
2.20.to2.29
2.30to2.39
Totel
i
h9P@KY VelocitY
w= (m)
200
O.-p.
0.27
1.77
---- loo.to104
1 105to 109
2 lloto 13.4
8 115tollg
13 120to124
u l~to12g
12 130to134
: ;g::g
?4
o 145to149
0 150to154
1 155to159
0 160toti4
o 165to169
1 170to174
----lfito17s
----180to184
----,
----
----
----
----
,.
60 Total
0.77 70
0.20 do
1.36 ~
Frequency
3
7
12
17
a
22
29
.20
$
15
7
2
1
1
0
1
200
L33.X
14.15
0.22
war
3
3
i
$
10
U.
5
3
2
2
0
2
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.-----
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60
LS2.lT
14.30
0.08
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